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Abstract   Seawater samples were collected in the water column from the Canada Basin aboard 




solved oxygen were measured, along with hydrographic parameters (salinity and temperature). 
Our results showed that the upper layer of the water column was characterized by the occurrence 
of the upper halocline water (UHW) and the lower halocline water (LHW). The UHW was associ-
ated with a salinity of 33.1 (~150m depth) and maximums of nutrients, NO and PO*, whereas 
minimums of NO and PO* (PO* = PO4
3− + O2/175−1.95 µmol/dm
3) occurred at the depth of LHW  
(~300m depth). Two tracer systems, S-δ 18O-PO* and S-δ D-SiO3
2−, were used to estimate the 
fractions of the Atlantic water, Pacific water, river runoff and sea ice meltwater in water samples. 
Combined with the nutrient ratio NO/PO, it was suggested that the UHW was derived from the in-
flow of the Pacific water through the Bering Strait. These waters were modified to obtain the high 
salinity and nutrients in the Chukchi shelf or/and the east Siberian shelf. The LHW was maintained 
by inflow of the Atlantic water through Barents Sea and subsequent mixing with freshwater in the 
shelf region to produce the signals of NO and PO* minimums. In study basin, the river runoff sig-
nals were confined to water depths less than 300 m and the fractions of river runoff decreased with 
the increasing depth. Water column inventories of river runoff and sea ice meltwater were calcu-
lated between the surface and 300m. The river runoff inventories in the Canada Basin were higher 
than those in other sea areas, suggesting that the Canada basin is a major storage region for Arc-
tic river water. The sea ice meltwater signals suggested that the Canada Basin is a region of net 
sea ice formation and the inventories of net sea ice in the upper water column increasing from the 
south to the north.  
Keywords: halocline water, water mass, the Canada Basin, 2H, 18O, nutrients. 
The Arctic Ocean is almost entirely surrounded by land, with shallow openings to the Pacific 
through Bering Strait (~ 45 m deep) and to the Atlantic through the Barents Sea (~50—450 m 
deep) and Fram Strait where the sill depth is around 2500 m. The bathymetry of the Arctic Ocean 
basin serves as a filter that determines which waters of the Atlantic or Pacific can mix within the 
basins and produce the unique salinity characteristics of this ocean. Its attributes intimately link 
the Arctic Ocean to other oceans and the atmosphere in a way that may be critical for feedbacks 
within the global climate system. Recent results indicated a decrease in areal extent of nearly 3% 
per decade since the late 1970 s, accelerating in recent ten years[1]. The results of recent 
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expeditions suggested that changes have become apparent in physical and chemical properties of 
the Arctic Ocean, such as the increase of the water temperature, the shoaling of the Atlantic waters, 
the shift of the front between the saltier eastern Arctic and the fresher western Arctic waters[2]. All 
of these observations indicated that Arctic Ocean may be sensitive to global change and at the 
same time, potentially have a significant influence on global climate[3]. 
The Arctic Ocean has seasonal or long-term ice cover, extended periods of darkness during 
the Arctic winter and the wide continental shelves covering about 36% of the total surface area of 
the Arctic Ocean. These effects produce the unique physical and chemical characteristics of this 
ocean. One of the most important features is its well developed halocline. The halocline insulates 
sea ice and low salinity surface waters with temperature close to the freezing point from a much 
thicker, more saline, and warmer layer of Atlantic origin, thus enhancing the stability of the water 
column and maintaining the large perennial ice pack. If the halocline in the Arctic Ocean was 
thinning or even disappearing, the heat exchange could potentially melt or at least reduce the sea 
ice cover and further attenuate the rate and volume of deep water formation in north Atlantic 
Ocean through more freshwater outflow from the Arctic Ocean. 
On the basis of geochemical data, Jones and Anderson[4] distinguished between the upper 
halocline water (UHW) and lower halocline water (LHW). Upper halocline water is associated 
with a salinity of 33.1, a near freezing temperature and maximums of nutrients and NO (NO = 9 
NO3
− +O2)
[5]. Lower halocline water has a salinity of about 34.4 and a pronounced NO minimum. 
Three freshwater sources maintain the halocline in the Arctic Ocean: river water, sea ice melt-
water and the low salinity Pacific waters entering the Arctic Ocean through the Bering Strait. Be-
neath the halocline, they are warmer and saltier waters mainly derived from the Atlantic Ocean. 
Considering the important role of the halocline in the Arctic Ocean ecosystem, it is indispensable 
to understand what sources of the halocline water are and how they get the physical and chemical 
characteristics. 
The varying proportions of stable isotopes (e.g. 18O, 2H) in seawater provide a conservative 
oceanographic tracer similar to salinity. Isotopic composition is imprinted on a water mass in its 
source area and altered only by conservative mixing with other water masses of contrasting com-
position. Recent work in the Arctic Ocean has used oxygen isotopes, 18O, to identify the water 
source[6], evaluate the formation of the nutrient maximum[7] and distinguish between river-runoff 
and sea ice meltwater in the freshwater component[8, 9].  
In the present study, we measured the 18O/16O and 2H/1H ratios in the water column at three 
stations in the Canada Basin. To our knowledge, this is the first δ D data reported for the study 
basin. Together with the data of salinity, SiO3
2−, PO*, NO and NO/PO ratios, two tracer systems, 
S-δ 18O-PO* and S-δ D-SiO3
2−, were constructed and used to quantify the contribution of the At-
lantic water, Pacific water, sea ice meltwater and river water in the water columns. This led to a 
discussion of the distribution of the sea ice meltwater and river water in study area, and evaluated 
the origins of the waters forming the upper and lower halocline. 
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1  Methods 
1.1  Sample collection 
During August 9—21, 1999, water sam-
ples were collected at three stations in the 
Canada Basin onboard the RV Xuelong (fig. 1). 
Seawater was collected using 10-L Niskin bot-
tles mounted on a rosette together with a con-
ductivity-temperature-depth (CTD) profiler. 
Subsamples were drawn for measurements of 
stable isotopes, nutrients and dissolved oxygen. 
Seawaters for 2H, 18O determinations were 
filled into a 50 ml plastic bottle and sealed un-
til onboard analysis was conducted.  
1.2  2H and 18O analysis 
Detailed procedures for 2H analysis were described by Huang et al.[10]. Briefly, determination 
of the D/H ratios was performed with H2 gas via VG SIRA-24 isotopic ratio mass spectrometer. 
For each sample, two aliquots were converted to hydrogen by passage over hot zinc at about   
450℃. Samples were prepared and run in batches, including two domestic standards (National 
Standards Nos. GBW 04401 and GBW 04404) previously calibrated by direct measurement 
against Vienna Standard Mean Ocean Water (VSMOW). Analytical uncertainty for hydrogen iso-
tope measurements was less than ±1‰. 
The analytical method for 18O/16O ratios was a modification of the standard CO2-H2O 
18O 
isotope equilibration technique. For each sample, 1g of seawater was equilibrated with 60 cm3 
CO2 at 1.3×10
4 Pa in a calibrated volume (10 cm3) glass bulb reaction vessel. Equilibration was 
carried out in a shaking water bath at 25.00 ± 0.05℃ and for 3 h. After equilibration an aliquot of 
the CO2 was taken and dried by passing through a cold trap and then cyrodistilled into a gas tube 
for mass spectrometric analysis. Samples were prepared and run in batches, including a national 
standard and an SLAP standard previously calibrated by direct measurement against Vienna Stan-
dard Mean Ocean Water (VSMOW). All analyses were carried out on a VG SIRA-24 isotope ratio 
mass spectrometer. Analytical uncertainty for oxygen isotope measurements was within ± 0.1‰. 
All of the 2H and 18O data reported here were delta value (δ ) given in per mill: 
δ in ‰ = [Rsample/Rstandard − 1] × 1000, 
where Rsample and Rstandard represent the measured isotope ratios of 
2H/1H and 18O/16O in seawater 
samples and VSMOW, respectively. 
1.3  Measurements of nutrients and dissolved oxygen 
Nutrient and dissolved oxygen concentrations were measured shortly after collecting on 
 
Fig. 1.  Sampling locations in the Canada Basin. 
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board ship. Dissolved oxygen was determined generally within 24 h of sampling using Winkler 
technique with GBW 08621 as the standard solution. Nitrate concentrations were measured by 
sulphanilamide/napthylenediamine method using a Zn/Cd coil for reduction. The standard solution 
for nitrate determination was GBW 08635. Phosphate concentrations were measured by ammo-
nium molybdate/ascorbic acid method with GBW 08621 as standard solution. Reactive silicate 
was determined spectrophotometrically by the method involving a metol-reduced silicomolybdate 
complex. The standard solution for silicate determination was GBW 08647. Full detailed proce-
dures for nutrients and dissolved oxygen determination were described in ref. [11]. Analytical un-
certainties for reactive silicate, phosphate, dissolved oxygen and nitrate measurements were 0.1, 
0.01, 0.5 and 0.1 µmol/dm3, respectively. 
1.4  Measurements of temperature and salinity 
Profiles of temperature and salinity were obtained by conductivity-temperature-depth in-
strument (MARK III C/ WOCE- CTD), which was calibrated before the cruise. 
2  Results and discussion 
2.1  Occurrence of UHW and LHW and their physical and geochemical properties 
Profiles of temperature, salinity, nutrients, PO*, NO are shown in figs. 2—4, along with δ D 
and δ 18O data. The hydrographic and geochemical properties at all sampling stations showed two 
distinct features: the first, near the 33.1 isohaline (~150m depth), is a temperature minimum close 
to freezing point and maximums of nutrients (NO3
−, PO4
3−, SiO3
2−), NO and PO*. Silicate concen-
trations at this depth were as high as 34.40, 42.05 and 44.11 µmol/dm3 at stations C34, C36 and 
C39, respectively. The second, located at depth of about 300 m (S≈34.6), is minimums of NO 
and PO*, and lower nutrient concentrations. According to the water mass definitions provided by 
Jones and Anderson[4], the water mass with nutrient maximum was defined as Upper Halocline 
Water (UHW), and the water mass with minimum in NO was called Lower Halocline Water 
(LHW). Similar to the salinity distribution, the general features of the δ D and δ 18O distribution  
(figs.2—4) were low values in the surface waters which increased with depth to about 1.4‰— 
3.8‰ and 0.20‰—0.37‰ at 300 m respectively. Below 300 m, δD and δ18O values were more 
or less constant throughout the water column. The trend of decreasing salinity, δD and δ18O values 
towards the surface reflected the contribution of river-runoff and sea ice meltwater. It was evident 
from these profiles that the UHW and LHW acted as a trap for heat lost by the deeper layers, pre-
venting heat from reaching the mixed layer and the sea ice.  
2.2  S-δ 18O-PO* and S-δ D-SiO3
2− tracer systems  
2.2.1  Mass balance equations.  Waters in the Arctic Ocean can be viewed as a mixture of the 
following four primary types of waters: Atlantic water, Pacific water, river runoff and sea ice 
meltwater. To determine the composition of a given sample with reference to four primary water  
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Fig. 2.  Profiles of salinity and temperature (a), nutrients (b), NO and PO* (c), δ D and δ 18O (d) at station C34. 
types requires the measurement of at least three conservative tracers. Since every primary water 
may have different isotopic or geochemical characteristics (e.g. S, δ D, δ 18O, PO*, SiO3
2−, etc), it 
is possible to calculate the fraction of each specific component. Östlund and Hut[12] first proposed 
combining δ 18O and salinity measurements to calculate the fractions of the river runoff and sea 
ice meltwater in the freshwater component. This method had been successfully employed in the 
Beaufort Sea[13—15], and the Eurasian Basin[9,16]. In our study area, the contribution of the Pacific 
water inflow through the Bering Strait may be important to the freshwater balance. Since it would 
be difficult for salinity and δ18O only to assess the Pacific water, PO* (PO* = PO4
3− + O2/175 
−1.95 µmol/dm3)[18], conservative geochemical tracer, was chosen to separate the Pacific water  
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Fig. 3.  Profiles of salinity and temperature (a), nutrients (b), NO and PO* (c), δ D and δ18O (d) at station C36. 
 
from the Atlantic water. The four component mass balance equations are as follows: 
 fa + fp + fr + fi =1, (1) 
 fa·Sa + fp·Sp + fr·Sr + fi·Si = Sm, (2) 
 fa·δ
18Oa + fp·δ
 18Op + fr·δ
 18Or + fi·δ
18Oi = δ
18Om, (3) 
 fa·PO*a + fp·PO*p + fr·PO*r + fi·PO*i = PO*m, (4) 
where fa, fp, fr, fi are the fractions of Atlantic water, Pacific water, river runoff and sea ice melt-
water contributing to the measured (subscript m) water samples. Sx, δ
18Ox, and PO*x are the cor-
responding salinity, δ 18O and PO* water mass concentrations. 
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Fig. 4.  Profiles of salinity and temperature (a), nutrients (b), NO and PO* (c), δ D and δ 18O (d) at station C39. 
 
In this study, δ D was simultaneously determined. Similar to the S-δ18O-PO* tracer system, 
we can also use S-δ D-SiO3
2− mass balance to calculate the fractions of each specific component 
 fa + fp + fr + fi =1, (5) 
 fa·Sa + fp·Sp + fr·Sr + fi·Si = Sm, (6) 












where δ Dx, and SiO3
2−
x are the corresponding δ D and SiO3
2− water mass concentrations. 
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2.2.2  End member characteristics.  To conduct the mass balance calculation, a representative 
tracer concentration must be known for each water mass before it enters the Arctic Ocean (i.e. 
Atlantic water through Barents Sea or Fram Strait, Pacific water through Bering Strait, 
river-mouth, and sea ice at the surface). Table 1 presents the water mass concentrations used for 
the calculation.  
Table 1  Parameters used in the mass balance calculations 
End member S δ D(‰) δ18O (‰) SiO32− /µmol/dm3 PO*/µmol/dm3 
Atlantic water 35±0.05 3.5 0.3±0.1 6 0.7± 0.05 
Pacific water 32.7±1.0 −6.3 −1.1± 0.2 50 2.4± 0.3 
River runoff 0 −138.0 −21± 2 10 0.1± 0.1 
Sea ice 4±1 surface + 20.0 surface+ (2.6±0.1) 1 0.4± 0.2 
 
The choice of the end member characteristics was described as follows: 
Salinity: the Atlantic water salinity was well constrained as 35 ± 0.05, which was based on 
the measurements on the Barents Sea and the Fram Strait[19]. Initial sea ice salinity has a wide 
range (5 < S < 12), but multi-year ice has a salinity with a mean value of 4 ± 1[15, 20]. The water 
passing through Bering Strait has a wider annual salinity variation. Roach et al.[21] analyzed 
mooring data across Bering Strait from 1990 through 1994, and obtained a mean value of 32.7 ± 
1.0. 
δ 18O: The δ 18O value of the Atlantic water was rather well established from previous meas-
urements. Östlund and Hut[ 12] gave a value of (0.3 ± 0.1)‰  by averaging a large number of meas-
urements on Arctic waters at “full Atlantic salinity” and by extrapolating the δ18O-salinity rela-
tionship to pure Atlantic water. Cooper et al.[6] performed a detailed suite of δ 18O measurements 
in the Chukchi Sea, which established the Pacific δ 18O end-member concentration (−1.1 ± 0.2) ‰.  
When sea ice is formed by freezing, there is a slight isotopic fractionation in that the solid phase 
will have a heavier value than the liquid phase. Macdonald et al.[14] obtained a fractionation offset 
of (2.57 ± 0.1) ‰, which is close to the value obtained by laboratory experiment under equilibrium 
conditions (2.9 ‰). In this study, the δ 18O end-member of sea ice was calculated for each station 
as the surface water δ 18O measurement plus the fractionation factor of (2.6 ± 0.1) ‰. The river 
end member δ 18O concentration (−21 ± 2) ‰ was provided by Östlund and Hut[12], who obtained 
the weighted mean δ 18O value based on the weighted δ 18O value for precipitation and the meas-
urements in the water collected from Mackenzie River and Eurasian rivers. 
PO*: The Atlantic PO* end member concentration was predicted on PO* data reported by 
Broecker et al.[17] and the measurements at stations close to Fram Strait[22]. The PO* concentration 
for river runoff was calculated from phosphate and oxygen data from the Ob and Yenisey rivers[24]. 
Elwurzel[22] summarized the phosphate measurements in sea ice in the Arctic Ocean and obtained 
the sea ice end member concentration as 0.4 ± 0.2 µmol/dm3. The PO* level of the Pacific end 
member was calculated from the phosphate and dissolved oxygen measurements on Bering Sea 
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closer to Bering Strait[7,25]. 
δD: Just as stated above, there is little δ D data reported for the seawater, river runoff and sea 
ice in the Arctic. Most of the end member concentrations in this study were assessed by our δ D 
data obtained at the same cruise. The Pacific δ D end member concentration (−6.3‰) was esti-
mated by the δ D-salinity relationship in the Chukchi shelf surface water. The δ D value (3.5‰) of 
the Atlantic source water was obtained by averaging our measurements on the water at the tem-
perature maximum. The river end member δ D concentration (−138‰) was based on the linear 
extrapolation of our δ D-salinity relationship to S = 0. Just the same as the calculation of δ 18O, the 
sea ice δ D concentration used δ D values of surface samples plus 20‰ for fractionation during 
sea ice formation[26,27]. 
SiO3
2−: The Atlantic SiO3
2− end member concentration (6 µmol/dm3) was close to the meas-
urements at the temperature maximum in the Eurasian Basin[16]. SiO3
2− concentration of the river 
runoff (10 µmol/dm3) was adopted the same as Bauch et al. did[16]. The choice of the sea ice 
SiO3
2− concentration (1 µmol/dm3) was followed[28]. The SiO32− concentration of the Pacific 
source water (50 µmol/dm3) was estimated for the average silicate concentration of Bering Strait 
inflow water from a section by Treshnikov[29], which showed a tongue of silicate-rich water 
reaching from the Chukchi shelf into the Arctic Ocean interior. Note that the silicate concentration 
can be changed by biological consumption in the water column and by dissolution from the sedi-
ments, it is an approximated value for the Pacific source water although the concentration of the 
water flowing off the shelf was adopted. This will cause a relatively large uncertainty compared to 
other parameters used in the S-δ 18O-PO* tracer system.  
2.3  Sources of the UHW and LHW 
Table 2 shows the calculated fractions of Atlantic water, Pacific water, river runoff and sea 
ice meltwater in study samples. The vertical distribution of each specific component is also shown 
in figs. 5 and 6. The results from both tracer systems consistently showed that the fraction of Pa-
cific water occurred in maximum at the depth near 33.1 isohaline. Below the depth of the nutrient 
maximum, we observed practically pure Atlantic water with the fraction of the Pacific water being 
close to zero. Fractions of the Pacific water calculated from the S-δD-SiO3
2− tracer system were 
higher than those from the S-δ 18O-PO* tracer system, which was due to the large uncertainty of 
the Pacific SiO3
2− end member concentration. However, it is evident that the maximums of nutri-
ents, NO and PO* in the UHW can be attributed to the inflow of the Pacific water through the 
Bering Strait and the minimums of the NO and PO* in the LHW may be related to the Atlantic 
water inflow. 
The upper halocline water in the Canada Basin was derived from the Pacific water that enters 
the Arctic Ocean through the Bering Strait and modified on the wide Chukchi and east Siberian 
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Fig. 5.  Fractions of Atlantic water, Pacific water, river 
runoff and sea ice meltwater at stations C34 (a), C36 (b) and 
C39 (c). Calculations were done using S-δ18O-PO* tracers 
mass balance. 
Fig. 6.  Fractions of Atlantic water, Pacific water, river 
runoff and sea ice meltwater at stations C34 (a), C36 (b) and 
C39 (c). Calculations were done using S-δD-SiO32− tracers 
mass balance.
shelvies. The processes involve freezing with release of highly saline brines having a temperature 
close to the freezing point of surface seawater. These waters flow over the shelves and into the 
central basin, then sinking to the appropriate density surface. The maximums of nutrients, NO and 
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PO* can be attributed to the relative high nutrient concentrations in Pacific water and the further 
enrichment of nutrients through contact with sediments during transporting through the continen-
tal shelf[30]. 
The forming of the lower halocline water in the Canada Basin was in a similar fashion to 
UHW. Atlantic water enters the Arctic Ocean mainly through Barents Sea and the Fram Strait. 
The salinity and temperature of the Barents branch of Atlantic water gradually decrease by mixing 
with river water and sea ice meltwater as it travels to the Canada Basin[31]. In the meantime, nu-
trients are consumed by primary production whereas oxygen remains close to solubility equilib-
rium (due to the proximity of this water mass to the atmosphere)[32]. These processes form the 
minimums of NO and PO* in the Canada Basin. 
The above statements were supported by the NO/PO ratios, water mass ages and 226Ra dis-
tributions in study area. Wilson and Wallace[33] found that Arctic shelf waters have regionally dis-
tinctive NO/PO ratios. They used the original Redfield ratios of Broecker[5] in their definition of 
NO (9 NO3
− + O2) and PO (135 PO4
3− + O2). Most of the NO/PO ratios for the Chukchi Sea were 
between 0.75 and 0.85, for the east Siberia were between 0.65 and 0.75, for the Leptev were be-
tween 0.85 and 0.95, and for the Barents Sea were between 0.90 and 1.0[33]. The NO/PO ratios of 
the UHW at our study stations were 0.79 (C34), 0.82 (C36) and 0.83 (C39) respectively, which 
were close to the characteristics of the Chukchi shelf and the east Siberian shelf. This suggested 
that the UHW in study basin was derived from the inflow of Pacific water and altered in the 
Chukchi shelf/the east Siberian shelf. The NO/PO ratios of the LHW at our stations were 0.99 
(C34), 1.02 (C36) and 1.14 (C34) respectively, which were consistent with the values for Barents 
Sea. This provided further evidence that the formation of the LHW was due to the inflow of the 
Atlantic water and then modification in the Barents shelf. The ages of the water mass in study ba-
sin provided another support to the above mechanisms. The mean 3H/3He age measured for the 
salinity surface 33.1 ± 0.3 was 4.3 ± 1.7 a and for the 34.2 ± 0.2 salinity surface the mean 3H/3He 
age was 9.6 ± 4.6 a[22]. The younger UHW tracer age may reflect a rapid transported rate or 
shorter pathways. Besides, we measured 226Ra concentrations in the water column at stations C36 
and C39 during this cruise. The activity concentrations of 226Ra showed a maximum at the layer of 
UHW at both stations, which could be attributed to the input of the Pacific water or/and the bot-
tom shelf water with high 226Ra concentration [34]. The vertical distribution feature of 226Ra in the 
water column was consistent with mechanism for UHW formation stated above. 
2.4  Profiles of river runoff and sea ice meltwater 
Based on the results of the mass balance calculation there was a trend of decreasing river 
runoff fractions with the increasing depth. Below 300m, the river runoff fractions were close to 
zero (figs.5 and 6). This distribution feature was consistent with the fact that river water has lower 
density than seawater. 
It should be noted that the fractions of the sea ice meltwater in table 2 might be positive or 
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negative value. Following the interpretation of Öslund and Hut[12], positive values of sea ice frac-
tion meant the net sea ice melting, while negative values represented the portion of freshwater 
used to form sea ice. For example, the calculated fractions for the surface seawater at station C34 
from S-δ 18O-PO* tracers suggested that 100 g of water sample has been formed by 55.1 g of At-
lantic water, 20.2 g of Pacific water, 12.4 g of river runoff and 12.3 g of sea ice meltwater. The 
fractions for 50m sample at station C34 suggested that 100 g of water sample has been formed by 
first mixing 55.3 g of Atlantic water, 38.5 g of Pacific water and 10.8 g of river runoff, then 4.6 g 
sea ice has been removed by freezing from this mixture. Profiles of sea ice fractions showed that 
water samples were affected by sea ice melting or formation in the upper 300m water column and 
the sea ice meltwater fractions were close to zero below 300m. Besides, sea ice meltwater frac-
tions were positive values at the surface and negative values from the subsurface to 150m. This 
distribution pattern may be due to the occurrence of warmer, saline Atlantic water below 150m 
and the low density of sea ice meltwater. 
Each component fraction was integrated from the surface to 300 m depth to calculate the to-
tal height in meters of each end member component at each station. The calculated inventories of 
river runoff from S-δ 18O-PO* tracer system and from S-δ D-SiO3
2− tracer system were consistent. 
However, sea ice meltwater inventories calculated 
from S-δ D-SiO3
2− tracer system were higher than 
those from S-δ 18O-PO* tracer system (fig. 7). This 
was due to the large uncertainty of the SiO3
2− end 
member characteristics. The results from both tracer 
systems consistently showed that both river runoff 
inventories and net sea ice meltwater inventories in-
creased from the southwest to the northeast, which 
would be related to the distribution of temperature and 
the circulation pattern in the Arctic Ocean. Schlosser 
et al.[9] reported that the river runoff inventories in the 
Eurasian Basin increased from the south to the north 
while the formation of increased sea ice inferred from 
the sea ice meltwater inventory values changed from 
positive to negative. Our results were consistent with 
these distribution patterns. The mean inventory of 
river runoff at our study stations was 20.7 m (fig. 7), 
which was a value close to the estimates in the Canada 
Basin (17.0—19.0 m) and the Fram Strait (14.5—18.9 
m) reported by Östlund and Hut[12], but higher than 
those in the Nansen Basin and the Amudsen Basin 
 
Fig. 7.  River runoff and sea ice meltwater inventories 
contained in the upper 300m of the water column. 
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(~10 m)[16]. It seems to indicate a higher inventory of river runoff in the Canada Basin. Therefore, 
although the greatest amount of river discharge comes from the eastern Arctic, there appears to be 
a greater storage of river water in the Canada Basin. Aagaard and Carmack[35] estimated that most 
of the fresh water in the Arctic Ocean was stored in the Canada Basin (45800 km3, 12200 km3 in 
the Eurasian Basin, 5300 km3 in the Leptev Sea and 4000 km3 in the Barents Sea). This distribu-
tion feature was attributed to the role of the large-scale Arctic Ocean circulation in transporting 
river runoff toward east[35]. 
3  Conclusion 
The halocline in the Arctic Ocean is a distinctive feature that separates the cold, relatively 
fresh surface layer from the underlying warmer, more saline Atlantic layer. Based on the compo-
nent fractions calculated from S-δ 18O-PO* and S-δ D-SiO3
2− tracer system, the upper halocline 
water was derived from the inflow of the Pacific water through the Bering Strait. They are modi-
fied by freezing with release of highly saline brines and enriched nutrients through contact with 
sediments and then transported into the ocean interior to form the maximums of nutrients, NO and 
PO* at the layer of 33.1 isohaline. Similarly, the lower halocline water was maintained by inflow 
of Atlantic water through Barents Sea and subsequent mixing with freshwater in the shelf region. 
These processes produced the NO and PO* minimums at the LHW layer. Profiles of river runoff 
and sea ice meltwater fractions showed that the freshwater was confined to water depths less than 
300 m and study areas were net sea ice formation regions. The river runoff inventories in the 
Canada Basin were higher than those in other sea areas, which suggested that the Canada Basin is 
a major storage region for river water. 
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